Abstract While several risk factors for breast cancer have been identified, studies have not consistently shown whether these factors operate more strongly at certain ages or for just pre-or postmenopausal women. We evaluated whether risk factors for breast cancer differ according to age or menopausal status. Data from five population-based case-control studies conducted during 1988-2008 were combined and analyzed. Cases (N = 23,959) and population controls (N = 28,304) completed telephone interviews. Logistic regression was used to estimate adjusted odds ratios and 95 % confidence intervals and tests for interaction by age and menopausal status. Odds ratios for first-degree family history of breast cancer were strongest for younger women-reaching twofold elevations-but were still statistically significantly elevated by 58-69 % among older women. Obesity was inversely associated with breast cancer among younger women and positively associated with risk for older women (interaction P \ 0.0001). Recent alcohol intake was more strongly related to breast cancer risk among older women, although consumption of 3 or more drinks/day among younger women also was associated with elevated odd ratios (P \ 0.0001). Associations with benign breast disease and most reproductive/menstrual factors did not vary by age. Repeating analysis stratifying by menopausal status produced similar results. With few exceptions, menstrual and lifestyle factors are associated with breast cancer risk regardless of age or menopausal status. Variation in the association of family history, obesity, and alcohol use with breast cancer risk by age and menopausal status may need to be considered when determining individual risk for breast cancer.
Introduction
Breast cancer has been associated with numerous risk factors in epidemiologic studies [18] . Several factors are believed to operate through sex hormone pathways, including parity, breast feeding, and age at menarche, first full-term pregnancy, and menopause. Alcohol intake is consistently related to an increase in breast cancer risk [48] , also likely through hormonal mechanisms [15] . These risk factors are modestly associated with breast cancer, increasing risk in the range of 1.2-1.7 [13] . First-degree family history of breast cancer is more strongly related to elevated risk-exceeding twofold-especially when more than one first-degree family member has been diagnosed or the relative was diagnosed at a young age [16] . Some studies suggest that the elevated risk associated with a firstdegree family history of breast cancer may be limited to younger women [11] but this is not consistently seen [5, 23] .
Modification of breast cancer risk factor associations by age or menopausal status has been most consistently demonstrated for obesity, which is associated with decreased risk in younger women and increased risk in older women [22, 30, 57] . Other factors, such as oral contraceptive or postmenopausal hormone use, are related to menopausal status due to specific medication prescribing practices [1, 47] . Several other factors including menstrual and reproductive characteristics are relevant for breast cancer risk throughout life, but the magnitude of risk may operate more strongly at one life stage than another [29, 39] . Since several studies use age 50 as a proxy for the menopausal transition, these studies are unable to evaluate which factor-age or menopausal status-is driving the modification of breast cancer risk.
Identification of risk factors specifically relevant for women at different ages is hampered by the large sample size needed to identify significant heterogeneity and the difficulty in combining results across multiple studies that have used different age categories or risk factor definitions. To overcome these limitations, we combined data from five phases of a case-control study of breast cancer conducted over two decades. Consistent protocols were used over time, facilitating combined analysis. The purpose of this analysis was to examine established breast cancer risk factors and to test for heterogeneity by age and menopausal status. We were particularly interested in identifying risk factors for younger women and determining whether patterns in risk are most strongly defined by age or menopausal status.
Methods

Selection of cases
All female residents of Maine, Massachusetts (excluding metropolitan Boston), New Hampshire, and Wisconsin with a new diagnosis of invasive breast cancer (ICD-O version 2 C50.0-C50.9) reported to each state's cancer registry and aged \75 years at diagnosis between April 1988 and January 2008 were eligible for five consecutive phases of a case-control study collectively called the Collaborative Breast Cancer Study [31, [33] [34] [35] 51] . According to a protocol approved by the institutional review boards of the participating centers, eligibility was limited to cases with listed telephone numbers, driver's licenses verified by self-report (if less than 65 years of age), and known dates of diagnosis. Recruitment of cases differed by state (Maine, 1988 (Maine, -1991 New Hampshire and Massachusetts, 1988-2001; Wisconsin, 1988 Wisconsin, -2008 
Data collection
Trained interviewers were blinded to disease status. The 40-min telephone interview elicited information on reproductive history, alcohol consumption, smoking history, height and weight, use of oral contraceptive and postmenopausal hormones, personal and family medical history, and demographic factors. Interviews took place for cases on average about a year after diagnosis (median 1.25 years).
Statistical analysis
For each case, a reference date was defined as the registrysupplied date of invasive breast cancer diagnosis. Controls were assigned an individual reference date based on the average number of days from diagnosis to interview among cases already interviewed within each state.
A woman was defined as postmenopausal if she reported a natural menopause (no menstrual periods for at least 6 months for women interviewed 1988-2005, and 12 months for women interviewed 2005-2008) before the reference date. Women taking postmenopausal hormones and still having periods, and women who reported hysterectomy without bilateral oophorectomy were classified as (1) premenopausal if their reference ages were in the first decile of age at natural menopause among the controls (\41 years of age for current smokers, \43 years of age for non-smokers), (2) postmenopausal if their reference ages were in the highest decile for age at natural menopause in the control group (C54 years of age for current smokers, C56 years of age for non-smokers) with age at menopause defined unknown, and (3) unknown menopausal status for intermediate ages.
Family history of breast cancer was defined as a report of breast cancer in a woman's mother or sister. Personal history of benign breast disease was defined based on a woman's report of a doctor's diagnosis of biopsied benign breast disease. Parity was defined as the number of pregnancies lasting at least 6 months.
Body mass index (BMI, kg/m 2 ) was based on selfreported weight 1-5 years prior (depending on recruitment period) to the reference date and tallest adult height. BMI categories were defined based on World Health Organization cut-points for underweight (\18.5 kg/m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (C30 kg/m 2 ) [56] . Alcohol intake was defined as the average of the sum of drinks of beer, wine and liquor per week during the 5 years prior to the reference date. Everuse of cigarette smoking was defined as report of smoking at least 100 cigarettes; current smoking included women who smoked within the year prior to the reference date.
Logistic regression was used to calculate odds ratios (OR) and 95 % confidence intervals (CI) adjusted for age, state, study period, and other covariates. Models were fit separately for women in four age groups: 18-39, 40-49, 50-64, and 65-79 years. In separate models including all ages, tests of interaction between age and each factor of interest were conducted by examining the change in the log-likelihood after a model was fit including a crossproduct term between age (defined continuously in years) and the factor of interest as shown in Table 1 . Tests were repeated in separate models with a cross-product term between each risk factor and menopausal status as a binary term (pre-and post-menopausal). Tests of interaction involving age at first full-term pregnancy were limited to parous women. Alcohol intake was treated as a continuous variable (drinks/week) for interaction tests. Factors with significant tests of interaction (P \ 0.05, two-sided) were evaluated in stratified models by age or menopausal status, whichever was significant; factors with significant interaction P values for both age and menopausal status were also evaluated with jointly stratified models.
Women were excluded from analysis if the interviewers reported that the data were unreliable (38 cases, 37 controls) or if women reported a personal history of ovarian cancer (84 cases, 124 controls). Thus, 23,959 cases and 28,305 controls were included in analysis. Analysis for alcohol intake and benign breast disease included fewer women due to changes in the questionnaire that prevented standardized assessment across all study instruments; sample sizes are indicated in Table 1 .
Results
On average, cases and controls were 58.0 and 57.0 years of age, respectively. Slightly fewer cases (25.6 %) than controls (27.2 %) were premenopausal. The majority of cases were diagnosed with localized breast cancer (61.8 %). About 40.1 % of the cases reported that diagnosis occurred as a result of a screening mammogram rather than as a result of symptoms (36.2 %) or an unrelated medical test (6.8 %); 16.9 % of cases had unknown method of detection. Overall odds ratios of breast cancer are shown in Table 1 along with P values testing effect modification by age and menopausal status. Odds ratios of breast cancer did not appear to vary significantly by age or menopausal status for benign breast disease, age at menarche, and age at first full-term pregnancy.
A family history of breast cancer was more strongly associated with breast cancer among younger women, although odds ratios were significantly elevated in all age groups (P = 0.01; Table 2 ). Odds ratios of breast cancer associated with at least one first degree relative with breast cancer was 2.28 among women aged \40, 1.92 among women aged 40-49, 1.58 for women aged 50-64, and 1.69 among women 65-79 years of age.
While the relations between breast cancer risk and most reproductive and menstrual factors were similar across age groups, parity was significantly associated with reduced breast cancer risk only in women C40 years of age (P = 0.0001; Table 2 ). Conversely, odds ratios associated with use of oral contraceptives were elevated for women of all ages but confidence intervals excluded one only for women aged 50-64 (P \ 0.0001). Analysis of time since use of oral contraceptives was limited by few current users; only about 6 % of women used oral contraceptives within 5 years (data not shown). Modifiable factors were more strongly associated with breast cancer risk in certain age groups (Tables 1, 2 ). Compared to ''normal'' BMI, an elevated BMI was associated with 11-30 % reduced risk in women \50, whereas overweight and obesity in women aged C50 had an 8-49 % increased risk of breast cancer (P \ 0.0001). Results suggested that current smoking was inversely associated with breast cancer among younger women and positively associated with risk among older women (P = 0.03). Consumption of greater amounts of alcohol was consistently associated with increased risk of breast CI confidence interval a Odds ratios are adjusted for age, state of residence, study period, family history of breast cancer, body mass index, alcohol intake, age at menarche, parity, age at first pregnancy, oral contraceptive use, and smoking status b Too few participants within the age stratum to estimate the odds ratio and confidence interval cancer among older women, but the results were largely null for women \50 years of age (P = 0.0002). The relation between breast cancer and three factorsfamily history of breast cancer, body mass index, and alcohol intake-was significantly modified by both age and menopausal status (Tables 1, 3 ). Family history of breast cancer was most strongly associated with breast cancer risk for premenopausal women less than age 40 (OR 2.25, 95 % CI 1.75-2.89; Table 4 ), although the risk of breast cancer associated with a family history of breast cancer was significantly elevated in all strata defined jointly according to age and menopausal status. Conversely, the association between body mass index and cancer risk depended on both age and menopausal status with, at the extremes, a negative association for premenopausal women aged \40 (OR 0.97, 95 % CI 0.96-0.99 per 1 kg/m 2 ) and a positive association for postmenopausal women aged C70 (OR 1.04, 95 % CI 1.03-1.05 per 1 kg/m 2 ). Results suggest that increasing consumption of alcohol is associated with greater risk of breast cancer for all women, although odds ratio estimates were not statistically significant for some age categories among premenopausal women (Table 4) .
Finally, results suggest that the relation between breast cancer and one factor-duration of breast feeding-was modified by menopausal status but not age. In particular, the odds ratio for breast feeding [12 months was 0.76 (95 % CI 0.69, 0.85; Table 3 ) among premenopausal women; the odds ratio was null for postmenopausal women (OR 1.01, 95 % CI 0.93, 1.09).
Discussion
In this large study including data from a series of five casecontrol studies, some associations between established risk CI confidence interval a Odds ratios are adjusted for age, state of residence, study period, family history of breast cancer, body mass index, alcohol intake, age at menarche, parity, age at first pregnancy, oral contraceptive use, and smoking status factors and breast cancer risk were not modified by age or menopausal status including benign breast disease, age at menarche, and age at first full-term pregnancy. Conversely, other factors were modified by age or menopausal status or both, including family history, parity, breast feeding, body mass index, cigarette smoking, and alcohol intake. Familial breast cancer often is diagnosed in women at a younger age and accounts for a higher proportion of breast cancer in younger than older women [8, 9, 12, 16, 45] . Although breast cancer risk associated with a family history is greatest in very young women, odds ratios for a positive family history consistently exceed 1.50 for ages [50 and support a role for hereditary breast cancer at least through age 80. Even though the prevalence of a positive family history of breast cancer tends to increase with age and may reflect a greater proportion of indolent disease in older women, family history appears to persist as a significant risk factor at all ages [43] .
Several studies have observed that full-term pregnancies are associated with a temporary increase in breast cancer risk followed by a life-long reduction in risk within 15-30 years [10, 24] . Pregnancy-associated breast cancer may be driven by stimulated cell division from elevated sex hormones during pregnancy [24] . In our study, null odds ratio estimates of breast cancer associated with parity were observed for women \40 years of age. Women with greater parity also tend to have longer lifetime durations of breast feeding. In our analysis, breast feeding was significantly associated with reduced risk of breast cancer only among premenopausal women. However, we have previously reported reduced risk of postmenopausal breast cancer using data from one of the five case-controls studies included in this analysis [32] . Furthermore, a large combined analysis of 47 epidemiologic studies reported that lactation was associated with reduced breast cancer risk regardless of menopausal status [14] . Differences between study results may be due to stronger associations with breast cancer risk among women who have lactated for longer durations, exclusively (without supplementation by infant formula), or first lactated at younger ages. While greater parity and longer durations of breast feeding may be effective for reducing incidence of breast cancer of all ages, they are not realistic intervention approaches for breast cancer prevention; however, better understanding of the mechanism behind these associations with breast cancer may provide opportunities to reduce the burden of cancer in the future [14] .
Our observation that obesity is inversely related with breast cancer before age 50-largely reflecting premenopausal breast cancer-and positively related with breast cancer after age 50 is concordant with the majority of studies on this topic [30, 44, 54, 58] . The average age at natural menopause of women in the U.S. and Europe is in the range of 48-52 [19, 20, 49] , and has increased somewhat among more recent birth cohorts [38] . In a previous analysis, we showed that menopausal status more so than age modified the relation between body mass index and breast cancer risk [55] . This updated, larger analysis appears to confirm that while age statistically modifies the association between body mass and breast cancer risk, CI confidence interval, OR odds ratio a Odds ratios are adjusted for age, state of residence, study period, family history of breast cancer, body mass index, alcohol intake, age at menarche, parity, age at first pregnancy, oral contraceptive use, and smoking status menopausal status appears to more clearly separate reduced from elevated risk of breast cancer. Current smoking appeared to be associated with the modest increased risk among older but not younger women. However, a combined analysis of data from 53 studies demonstrated that any apparent increased breast cancer risk associated with smoking is likely attributable to confounding effects of alcohol consumption [17] . While our estimates for smoking were adjusted for alcohol intake, the associations for these behaviors are difficult to disentangle.
Many studies show a positive association between intake of alcoholic beverages and breast cancer risk, as summarized in several meta-analyses and combined analyses of individual data [17, 21, 27, 46, 48, 58] . Alcohol intake appears to increase risk of breast cancer both before and after age 50, but we found that risk may be greatest for heavy consumers after age 50. While this observation could reflect that older women are particularly susceptible to increased estrogen levels resulting from alcohol, a rationale may alternatively involve residual confounding by other behaviors common in heavy consumers of alcohol, such as smoking and physical inactivity; we did not adjust for physical activity, since this factor was elicited with different questions in each phase of the study, preventing a combined analysis. A re-analysis of data from 53 studies found a non-significantly higher increase in breast cancer risk for each 10 g of alcohol consumed daily among women aged C50 (7.7 %, SE 1.0) than among women \50 (6.2 %, SE 1.2) [17] . However, meta-analyses conducted by the World Cancer Research Fund did not reveal heterogeneity according to menopausal status [58] . Misclassification of alcohol intake may be common in women with the heaviest consumption, and in our study, confidence intervals around odds ratio estimates are widest for women reporting [21 drinks each week. Nevertheless, reproducibility studies of self-reported alcohol intake have reported reasonably reliable correlations (range 0.62-0.80) for both general samples of adults and for alcoholics [28] .
The diagnosis of breast cancer has changed over the course of the study. Detection by mammography has increased, and the distribution of histologic subtypes also changed in conjunction with earlier detection [25] . Evaluation of breast cancer risk factors according to histologic subtype or method of tumor detection suggests that hormone-related factors may be more strongly associated with lobular breast cancer and disease detected by mammography as compared with ductal and symptomatic breast cancer [36, 37, 50] . We were unable to evaluate risk factors defined by estrogen receptor (ER) status or other tumor markers such as human epidermal growth factor receptor 2 (HER2). Several other studies have evaluated the relations between risk factors and breast cancer risk according to ER and HER2, as well as other tumor factors, revealing potential differences [2, 4, 26, 40-42, 53, 54] . Since breast tumors are more likely to be ER positive with increasing age [3] , our results may reflect different distributions of tumor subtypes in older as compared with younger women.
While we investigated most factors that have been identified to play important roles in breast cancer risk, information on some factors was not available. Breast density is increasingly identified as a strong risk factor for breast cancer beyond its inverse correlation with obesity and potential masking of cancer detection by mammography [6, 7] . Conclusions from our study are also limited by the composition of the study population. Due to delays in reporting of cases to their tumor registries, cases were approached on average 1 year after diagnosis. For this reason, more advanced cases of breast cancer are underrepresented; in our data, 2.2 % of cases were diagnosed with distant-staged breast cancer, whereas 5.6 % of invasive breast cancer cases diagnosed during 1998-2008 (ages 40-79 years) to SEER registries were diagnosed with distant disease [52] . In addition, the vast majority-96 %-of the cases and controls self-reported white race. While this study sample was not racially diverse, the study reflects the underlying populations of the four states in which these women lived and conclusions from the analysis remain internally valid.
Overall, many menstrual, reproductive, and lifestyle factors are associated with breast cancer risk regardless of age or menopausal status. Indeed, reproductive risk factors that are established in the first three or four decades of life including ages at menarche and first full-term pregnancy are consistently associated with breast cancer of all ages. Conversely, variation in the association of family history of breast cancer, obesity, and alcohol use with breast cancer risk by age and menopausal status may need to be considered in personalized risk assessments.
